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(54) Impeller blade profile In a regenerative pump 

(57) A regenerative pump comprises a housing 1 with a pump 
inlet 13 and outlet 14, an impeller 5 with a plurality of blades 8 
forming a series of cells (9, Fig. 2) around the axis of rotation 
of the impeller, and a f taw channel within the housing 
extending between the pump inlet and outlet and including a 
guide channel 15 in the housing into which the cells 9 open 
laterally of the impeller. Each blade 8 extends radially over a 
first radial portion 20 thereof adjacent to the pump inlet 13 
and over a second radial portion thereof adjacent to the guide 
channel 15 and has a trailing surface (19, Fig. 3, 4) with a 
profile that varies radially. The trailing surface of the blade 
over the first radial portion 20 being inclined forwardly in the 
direction of rotation (R) towards its outer edge (17, Fig. 3) as 
compared with the trailing surface 1 9 of the blade over said 
second radial portion (Fig. 4). 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
The claims were fifed later than the filing date within the period prescribed by Rule 25(1) of the Patents Rules 1990. 
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REGENERATIVE PUMP 
This invention relates to a regenerative pump of 
the kind comprising a housing with a pump inlet 
and a pump outlet, an impeller rotatably mounted 
within the housing and having a plurality of 
blades forming a series of cells spaced angularly 
around the axis of rotation of the impeller, and a 
flow channel within the housing extending between 
the pump inlet and pump outlet and including a 
guide channel in the housing located alongside the 
impeller so that the cells open laterally of the 
plane of rotation of the impeller into said guide 
channel and cooperate therewith to induce a spiral 
or helical flow of fluid through the guide channel 
and cells along the length of said flow channel as 
the impeller is rotated. 

In the known regenerative pumps of this kind, the 
blades of the impeller may extend perpendicular to 
the plane of rotation of the impeller or may be 
inclined from this perpendicular plane forwards in 
the direction of rotation at their outer edge so 
that the cells fill more efficiently and throw the 
fluid forwards into the guide channel as the 
impeller rotates. Typically, the blades are 
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inclined at an angle of approximately 45 degrees 
and the opposite surfaces of each blade are flat 
and parallel to one another and at their outer 
edges meet a flat outer surface of the blade 
parallel to the plane of rotation of the impeller 
which closely cooperates with the inner surfaces 
of the housing to limit the circumferential flow 
of fluid between adjacent cells, especially in the 
region known as the stripper between the pump 
outlet and pump inlet. In all cases, the blades 
are of a substantially unif orm cross-section 
throughout their radial length; in particular 
those sections adjacent to the pump inlet and 
guide channel have the same cross-section. 

An object of the present invention is to provide a 
regenerative pump of the aforesaid kind with 
improved performance. 

According to the present invention, a regenerative 
pump of the aforesaid kind has blades which are 
adapted so that the profile of the trailing 
surface of each blade varies radially, the 
trailing surface of the blade over a first radial 
portion adjacent to the pump inlet being inclined 
forwardly in the direction of rotation towards its 
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outer edge as compared with the trailing surface 
of the blade over a second radial portion adjacent 
to the guide channel. 

The inclination of the trailing surfaces of the 
blades of the impeller over said first radial 
portion adjacent to the pump inlet is selected so 
as to reduce unstable flow conditions and 
cavitation affects in this region and thereby 
reduce secondary motion in the radially outward 
flow in the cells. The recirculating flow in the 
guide channel is therefore enhanced and the head 
pressure generated by the pump increased. Further , 
flow losses in the pump are reduced and pump 
efficiency increased- These improvements are 
especially significant under low inlet pressure 
conditions and help to delay the onset of vapour 
formation in the pump that would block the through 
flow. 

The inclination of the trailing surface of the 
blade over said second radial portion adjacent to 
the guide channel is selected to match the flow 
between the cells and the guide channel as the 
fluid recirculates between the two. This involves 
a difference in inclination of the trailing 
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surfaces of said first and second radial portions, 
the trailing surface of the first radial portion 
being relatively inclined forwards in the 
direction of rotation towards its outer edge. 

In one embodiment of the invention, the relative 
forward inclination of the trailing surface over 
said first radial portion of the blade is produced 
by a chamfer that extends across the rear outer 
portion of the blade. The leading and trailing 
surfaces of each blade may be substantially 
parallel except for this chamfer on the trailing 
edge over said first radial portion. 

Preferably, the outer edge of each blade has a 
flat surface parallel to the plane of rotation of 
the impeller so as to cooperate with adjacent 
portions of the inner surface of the housing and 
limit the undesired circumferential flow of fluid 
therebetween. For example, it is necessary for 
the blades to cooperate with the stripper between 
the pump outlet and pump inlet to limit the direct 
flow of fluid therebetween. Also, if the pump 
inlet and guide channel are spaced radially apart, 
that portion of the blades between the pump inlet 
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and guide channel preferably have a flat outer 
surface that is wide enough to restrict return 
flow from the guide channel to the pump inlet. 

In said embodiment of the invention in which the 
trailing surfaces of the blades are chamfered to 
produce said relative forward inclination, the 
chamfer is preferably such as to retain a flat 
surface on the outer edge of the blade, although 
this may be narrower than other portions of the 
flat outer surface along the whole radial edge of 
the blade. 

The invention will now be described by way of 
example with reference to the accompanying 
drawings in which: 

Figure 1 is a section through a regenerative pump 
according to one embodiment of the invention, 

Figure 2 is a side elevation of the regenerative 
pump of Figure 1, 

Figure 3 is a section of part of the impeller of 
the pump along the line X-X in Figure 2, 
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Figure 4 is a section of part of the impeller of 
the pump along the line Y-Y in Figure 2, 

Figure 5 is a section through a regenerative pump 
similar to that of Figure 1 but with a different 
arrangement of pump inlet and pump outlet. 

Figure 6 is a side elevation of the pump of 
Figure 5 # 

Figure 7 is a graph showing the head coefficient 
(He) against flow coefficient (Q c ) of the pump of 
Figure 1, and 

Figure 8 is a graph showing the net positive 
suction pressure (NPSP) against pressure 
difference across the pump (AP) for the pump of 
Figure 1. 

The regenerative pump illustrated in Figures i to 
4 comprises a housing 1 that rotatably supports a 
shaft 2 in bearings 3 and defines a cylindrical 
chamber 4 that receives an impeller 5 mounted on 
the shaft 2. The impeller 5 comprises a hub 6 and 
a ring 7 that extends radially outwards from the 
hub 6 and carries a set of blades 8 on both sides 
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that extend laterally and radially of the ring 7. 
The blades 8 are formed integrally with the hub 6 
and ring 7 and conform to a cylindrical profile at 
their outer periphery to be received as a close 
fit within the chamber 4. 

The blades 8 on each side of the ring 7 extend 
away from the ring in the direction of rotation R 
of the impeller at an angle of approximately 
45 degrees to the central plane of rotation Z-Z of 
the ring as shown in Figures 3 and 4. The spaces 
9 between the blades 8 define a ring of cells each 
side of the impeller. 

The housing 1 is formed in two sections 11, 12 
that meet on the central plane of the impeller 5. 
A pump inlet 13 is formed in the side wall of each 
section 11, 12 and opens into the chamber 4 
opposite one another and adjacent to the middle 
region of the cells 9. A pump outlet 14 is formed 
in the side wall of each section 11, 12 of the 
housing and opens into the chamber 4 opposite one 
another and adjacent to the middle region of the 
cells 9 but in a location which is offset 
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angularly in the direction of rotation R of the 
impeller by approximately 225 degrees from the 
pump inlets 13, as shown in Figure 2, 

A guide channel 15 is formed in the side wall of 
each section 11 , 12 of the housing so as to open 
into the chamber 4. This channel 15 extends 
alongside the outer portion of the impeller over 
an angle of approximately 315 degrees between the 
pump inlet 13 and the pump outlet 14. The 
uninterrupted portion 16 of the side wall of the 
housing between the closed ends of the guide 
channel acts as a stripper which limits the direct 
flow of fluid from the pump outlet 14 to the pump 
inlet 13 as will become apparent in the following 
description of the operation of the pump. 

In operation, the impeller 5 rotates in the 
direction R and serves to produce a radially 
outward flow of fluid in the cells 9 through 
centrifugal action. At the outer periphery of the 
rotor, the fluid is directed laterally outwards 
into the guide channels 15 where it is 
recirculated inwards back into the cells 9. This 
recirculating action continues along the whole 
length of each guide channel 15 as the impeller 
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rotates, thereby increasing the pressure of the 
fluid until it is discharged through the pump 
outlet 14. It will be appreciated that fluid is 
carried in the cells 9 across the stripper 16 
between the closed ends of the guide channel 15, 
but the close proximity of the outer edges 17 of 
the blades 8 to the inner surface of the stripper 
limits the flow of fluid directly therebetween 
from the pump outlet 14 back to the pump inlet 13. 

It is known in a pump as described so far, to 
provide an impeller in which the blades 8 have a 
uniform cross-section, as shown in Figure 4, 
throughout their radial length, with the leading 
surface 18 of each blade substantially parallel to 
the trailing surface 19 of each blade. However, 
the pump according to the invention is adapted so 
that the trailing surface 19 of each blade in that 
region that passes adjacent to the pump inlet 13 
is adapted so that it is inclined forwards in the 
direction of rotation towards its outer edge. 
Thus, as shown in Figure 2, that portion of each 
blade 8 between an impeller radius Rl 
corresponding to the inner edge of the pump inlet 
13 and an impeller radius R2 corresponding to the 
inner edge of the guide channel 15, has its 
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trailing surface 19 inclined forwards towards its 
outer edge, as shown in Figure 3, compared with 
the trailing surface 19 along the rest of the 
blade as shown in Figure 4. 

Said inclination is simply provided by forming a 
chamfer 20 on the trailing surface 19 over its 
outer portion, leaving a flat portion 21 on the 
outer edge of the blade preferably over at least 
one third of the full unchamf ered width of the 
outer edge # as shown in Figure 4. Typically, the 
chamfer is formed at an angle of approximately 
22 1 / 2 degrees to the unchamf ered trailing surface 
19. 

The effect of this modification to the profile of 
the trailing edge 19 of each blade 8 is 
demonstrated in Figures 7 and 8. 

Figure 7 shows the results of tests to determine 
the head pressure coefficient He and efficiency E 
of the pump against the flow coefficient Q c of the 
pump. The tests were carried out at an impeller 
speed of 8000 r.p.m. and a pump inlet pressure of 
20 p.s.i. The results are shown by curves A in 
Figure 7, and are compared with curves B based on 
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the results of similar tests on the same pump but 
with an impeller having blades of a uniform 
cross-section (shown in Figure 4) throughout their 
length. It is clear from these curves that the 
effect of the chamfer 20 on the trailing surfaces 
of the blades is to increase the head pressure 
generated and efficiency of the pump over the 
whole of the operating range. 

Figure 8 shows the results of a test to determine 
the pressure difference P produced across the 
pump at lower values of net positive suction 
pressure NPSP. Again the results of the pump, 
shown by curve A, are compared with the results, 
shown by curve B, for the same pump but with an 
impeller having blades of a uniform cross-section 
(shown in Figure 4) throughout their length. It 
is clear from these curves that AP falls off less 
rapidly as a result of the chamfer 20 on the 
trailing surfaces of the blades. 

These improvements in performance can be further 
illustrated by comparison with similar tests on 
the same pump but with an impeller in which the 
chamfer 20 is extended radially outwards beyond 
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the inner edge of the guide channel 15 at radius 
R2. In one case, the chamfer 20 was extended out 
to the outer edge of the pump inlet 13 at 
radius R3 and the results shown by curves C in 
Figures 7 and 8 were obtained , and in another 
case, the chamfer 20 was extended out the full 
radial extent of the blades and the results shown 
by curves D in Figures 7 and 8 were obtained. The 
results in Figure 7 confirm that the chamfer 20 
gives improved head pressure He and efficiency E f 
but Figure 8 demonstrates that the chamfer 20 can 
have an adverse affect on the performance of the 
pump at lower values of net positive suction 
pressure NPSP if it extends into the region 
adjacent to the guide channel 15. In both cases 
with a radially extended chamfer, the rate of 
decrease of AP below 4 p.s.i. increases rapidly 
leading to early vapour lock in the pump as 
compared with the pump having the partly chamfered 
impeller illustrated. 

The regenerative pump as illustrated in Figures 1 
to 4 has the pump inlets 13 and pump outlets 14 
both located on a radius of the guide channel 15. 
The two sets of cells 9 on opposite sides of the 
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impeller each have a separate pump inlet 13 and 
pump outlet 14 which are connected in parallel by 
external connections. 

An alternative embodiment of the invention is 
illustrated in Figures 5 and 6 in which the two 
sets of cells 9 on opposite sides of the impeller 
are connected by holes 10 through the ring 7 at 
the root of the blades 8. Because the cells 9 are 
interconnected , there is just one pump inlet 13 in 
the side wall of one housing section 11 on one 
side of the impeller, and one pump outlet 14 in 
the side wall of the other housing section 12 on 
the other side of the impeller. Further, the pump 
inlet 13 and pump outlet 14 are both set radially 
inwardly away from the guide channel 15- For this 
reason, the pump retains a ring of liquid at the 
outer periphery of the impeller which helps 
maintain a pumping action when the fluid pumped is 
in a mixed phase of gas and liquid. The pump is 
therefore self -priming. 

The trailing surface 19 of each blade 8 of the 
impeller 5 is formed with a chamfer 20 of the same 
cross-section as shown in Figure 3, and this 
extends radially to the outer edge of the pump 
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inlet 13 at radius R3, as shown in Figure 5. The 
radial separation of the pump inlet 13 and the 
guide channel 15 allows the chamfer 20 to extend 
the whole way across the pump inlet 13 without 
overlapping the guide channel 15 as in the 
embodiment of Figures 1 and 2. 

In alternative embodiments of the invention, the 
flat chamfer 20 on the trailing surface 19 of the 
blades 8 may be replaced by a curved surface, but 
preferably, the flat portion 21 at the outer edge 
of the blade is retained. In other alternative 
embodiments, the forwards inclination of the 
trailing surface 19 may be achieved by twisting 
the respective portion of the blade forwards 
towards its outer edge. 
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CLAIMS 

1. A regenerative pump comprising a housing with 
a pump inlet and a pump outlet, an impeller 
rotatably mounted within the housing and having a 
plurality of blades forming a series of cells 
spaced .angularly around the axis of rotation of 
the impeller, and a flow channel within the 
housing extending between the pump inlet and pump 
outlet and including a guide channel in the 
housing located alongside the impeller so that the 
cells open laterally of the plane of rotation of 
the impeller into said guide channel and cooperate 
therewith to induce a spiral or helical flow of 
fluid through the guide channel and cells along 
the length of said flow channel as the impeller is 
rotated, characterised in that each blade extends 
radially over a first radial portion thereof 
adjacent to the pump inlet and over a second 
radial portion thereof adjacent to the guide 
channel and has a trailing surface with a profile 
that varies radially, the trailing surface of the 
blade over said first radial portion being 
inclined forwardly in the direction of rotation 
towards its outer edge as compared with the 
trailing surface of the blade over said second 
radial portion. 
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2. A regenerative pump as claimed in claim 1 in 
which the pump inlet and guide channel overlap 
radially and said first radial portion is that 
portion adjacent to the pump inlet and not 
adjacent to the guide channel. 

* 

3. A regenerative pump as claimed in claim 1 in 
which the pump inlet and guide channel are spaced 
apart radially and said first radial portion is 
that portion adjacent to the pump inlet and which 
terminates short of the guide channel. 

4. A regenerative pump as claimed in any one of 
the preceding claims in which the pump inlet and 
pump outlet are spaced radially inwardly of the 
guide channel. 

5. A regenerative pump as claimed in any one of 
the preceding claims in which the relative f orward 
inclination of the trailing surface over said 
first radial portion of the blade is produced by a 
chamfer that extends across the rear outer portion 
of the blade. 

6. A regenerative pump as claimed in claim 5 in 
which the leading and trailing surfaces of each 
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blade are substantially parallel except for said 
chamfer on the trailing surface over said first 
radial portion. 

7. A regenerative pump as claimed in any one of 
the preceding claims in which the outer edge of 
each blade has a flat surface parallel to the 
plane of rotation of the impeller over 
substantially the whole of the radial length of 
the blade so as to cooperate with adjacent 
portions of the inner surface of the housing and 
limit the circumferential flow of fluid 
therebetween. 

8. A regenerative pump as claimed in any one of 
the preceding claims in which the flat surface of 
the outer edge of the blade adjacent to said first 
radial portion is narrower than the flat surface 
of the outer edge of the blade adjacent to said 
second radial portion. 

9. A regenerative pump as claimed in any one of 
the preceding claims in which said blades are 
inclined forwardly in the direction of rotation of 
the impeller towards their outer edges. 
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